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Abstract
In degraded soils, establishment of soil-improving legumes can be problematic and requires investment of
labour and other resources. We investigated various aspects of managing herbaceous legumes in farmers’
ﬁelds in Bukoba District, Tanzania. Biomass and N accumulation by Crotalaria grahamiana was
1.1 Mg ha1 and 34 kg N ha1 when established without farmyard manure (FYM) and 3.0 Mg hal and
95 kg N ha1 when established with 2 Mg FYM ha1, and incorporation of the biomass gave an incre-
ment of 700 kg ha1 of grain in the subsequent maize crop. Maize grain yield at diﬀerent application rates
of Tephrosia candida residues ranged from 1.4 to 3.3 Mg ha1 and from 2.0 to 2.8 Mg ha1 in the high and
low rainfall zone, respectively. Application of tephrosia biomass at a rate of 2 Mg ha1 had no signiﬁcant
eﬀect on maize yield whereas rates of 4, 6 and 8 Mg ha1 gave comparable yields. Apparent N recovery
eﬃciencies at all rates of tephrosia residues were maximally 27 and 13% for the high and low rainfall zones,
respectively. Mulching withMucuna pruriens suppressed weeds by 49 and 68% and increased maize yield by
57 and 103% compared with the weedy fallow in the respective zones. Incorporated residues had a weaker
eﬀect on suppressing weeds and poor labour productivity (2l and 36 kg grain person-day1) compared with
mulched residues (32 and 52 kg grain person-day1) in the high and low rainfall zone, respectively. These
results indicate that if well managed, legume residues have the potential to increase yields of subsequent
maize crops on degraded soils.
Introduction
Improved fallows with leguminous cover crops are
a promising option to improve crop productivity
in the low-income agricultural systems of the hu-
mid and sub-humid tropics (Hartemink et al. 2000;
Sanchez 2002). The beneﬁts of this technology,
however, are likely to be smaller on poor soils
where the biomass and nitrogen accumulation by
legumes may be limited (Uexku¨ll and Mutert 1994;
Houngnandan et al. 2001). Prospects for improv-
ing the productivity of legumes on infertile soils
have been extensively discussed by Giller (2001)
and Hungria and Vargas (2000). Most literature
suggests the use of external inputs such as lime (in
acidic soils), phosphate fertilisers and starter doses
of nitrogenous fertilisers (Uexku¨ll and Mutert
1994; Houngnandan et al. 2001). Although min-
eral fertilisers are by far the most eﬀective means
of providing deﬁcient nutrients in soils, organic
resources, such as farmyard manure (FYM) can
have additional beneﬁts such as helping to raise
the pH of acidic soils. Moreover, organic resources
can increase the availability of nutrients like P, K,
Mg and micronutrients that are essential for legume
growth and N2-ﬁxation (Ridder and Keulen 1990;
Nutrient Cycling in Agroecosystems (2005) 73:75–87  Springer 2005
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Diels et al. 2002). However, there is insuﬃcient
knowledge on response of legumes to application of
small quantities of FYM and the expected beneﬁts
from combined use of FYM and legume residues.
Legume residue management practices that re-
tain organic matter and the embodied nutrients in
situ are required to maximise the beneﬁcial eﬀect
of improved fallows. Such alternatives to legume
removal may include mulching or legume residue
incorporation into the soil (Giller et al. 1997). A
decision tree to guide the use of plant residues for
soil amendment has been developed (Palm et al.
2001). Although the guide seeks to maximise the N
use eﬃciency of organic resources, incorporation
of residues into the soil may be diﬃcult when
productivity of labour invested is restricted (Roger
1995). High rates of legume residue application
may be uneconomic, especially when the corre-
sponding yield increases are not substantial. This
is of particular importance where there may be
trade-oﬀs associated with use of legume residues
for diﬀerent purposes such as providing fodder or
green manure. These lead to a need for ﬂexible
guidelines for management of legume residues that
take into account of residue availability, alterna-
tive uses and practices that demand less labour and
result in higher labour productivity.
In light of the above knowledge gaps, three
experiments were conducted in farmers’ ﬁelds in
Bukoba District with the objectives: (i) to deter-
mine the eﬀects of application of small quantities
of FYM on biomass accumulation and N yield by
legumes; (ii) to examine whether extra beneﬁts are
realised from combined use of manure and
legumes on maize yield; (iii) to determine the
optimum application rate of legume residues for
maize production in Bukoba District; (iv) to assess
the eﬀect of diﬀerent legume management prac-
tices on weeds and maize yield; and (v) to deter-
mine the labour cost and labour productivity of
legume fallows with diﬀerent legume residue
management practices.
Materials and methods
Study area and legume species used
The experimentswere conducted in the high and low
rainfall zones of Bukoba District northwest Tan-
zania (1 13¢–1 30¢ S, 31 19¢–31 52¢ E). Average
annual precipitation ranges between 1500 and
2100 mm in the high rainfall zone and 750–1000 mm
in the low rainfall zone. Soils at experimental sites
are deep, well drained, sandy clay loam (Alumi-
humic Ferralsol) in the high rainfall zone and clay
loam (Humic Acrisols) in the low rainfall zone
(Touber and Kanani 1994). The characteristics of
soils at the experimental sites are given in Table 1.
Detailed characteristics of the zones are described
by Baijukya and Steenhuijsen Piters (1998).
The test legumes were Crotalaria grahamiana
Wight & Arn (hereafter referred to as crotalaria),
Tephrosia candida (DC.) Kunth (hereafter referred
to as tephrosia) andMucuna pruriens (L.) DC. var.
pruriens (hereafter referred to as mucuna). These
legumes had been selected by farmers on basis of
their growth potential, and suitability for soil
Table 1. Topsoil (0–30 cm) characteristics at the experimental sites.
Soil, corresponding
sites and
experiments
Zone pH
(H2O)
Organic
Carbon
(g kg 1)
Total N
(g kg 1)
P Bray
(mg kg1)
Exchangeable
cations
(cmolc kg
1)
Particle size (%)
Ca K Mg Sand Silt Clay
Soil at sites used
for Experiment 1
High rainfall 4.4 12.5 0.9 6.9 1.2 0.1 0.2 60 21 19
±s.d.a 0.1 3.2 0.2 1.8 0.1 0.0 0.1 2 1 1
Soil at sites used
for Experiment 2
High rainfall 5.4 23.2 1.3 15.0 2.8 0.3 0.2 59 21 20
±s.d. 0.2 4.8 0.1 7.0 1.6 0.2 0.1 4 7 5
Low rainfall 5.3 15.5 1.2 6.6 3.9 2.8 0.1 29 26 47
±s.d. 0.1 2.7 0.3 5.7 1.9 0.3 0.1 5 4 1
Soil at sites used
for Experiment 3
High rainfall 5.1 23.1 1.5 20.0 0.1 0.0 0.2 62 20 20
±s.d. 0.1 5.7 0.5 5.0 1.4 3.4 0.1 2 4 2
Low rainfall 5.3 18.3 1.2 15.4 2.6 2.0 1.0 31 27 42
±s.d. 0.1 12.3 1.5 5.2 0.2 0.2 0.2 1 3 6
a±s.d., standard deviation.
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fertility improvement as well as fodder in the case
of mucuna (Baijukya 2004). Due to limited land
(in farmer ﬁelds), diﬀerent species were selected for
use in diﬀerent experiments. In previous experi-
ments, crotalaria had high impact on maize pro-
ductivity but its growth was restricted in poor
soils, hence it was used in Experiment 1 where the
eﬀect of cattle manure on legume growth was
examined. Tephrosia was chosen for Experiment 2
because of its ability to yield large amounts of
biomass in diﬀerent soils. Mucuna was chosen for
Experiment 3 because it gives rapid establishment
of soil cover and its residues are relatively easy to
handle as mulch.
Experiment 1: improving productivity of degraded
soils by use of legumes and FYM
To determine the eﬀects of FYM on legume pro-
ductivity and eventual impact on maize yield, a
ﬁeld experiment was conducted on two farmers’
ﬁelds, in the villages Butairuka and Kiilima in the
high rainfall zone, between February 2002 and
February 2003. The villages are separated by a
distance of 15 km. Both sites had been abandoned
for 1 year due to poor soil fertility and high
infestation of couch grass (Digitaria scalarum).
In the ﬁrst season, the eﬀect of FYM on legume
growth and N accumulation was tested. After
removing the couch grass, by hand cultivation and
hand picking, eight 6 m by 13 m plots and four
6 m by 27 m plots separated by 1 m paths, were
randomly demarcated per site. Dry FYM was
spread on four 6 m by 13 m plots at a rate of
2 Mg ha1 and ploughed under the soil (<20 cm).
Crotalaria was sown in the third week of February
2002 in all FYM applied plots and on other two
plots which, did not receive FYM, at a seeding rate
of 4 kg seeds ha1. Weeds were allowed to grow in
6 m by 27 m plots. The treatments were (i) weedy
fallow (ii) crotalaria established without FYM and
(iii) crotalaria established with FYM. Due to
limited size of the ﬁelds, the experiment was ar-
ranged in a completely randomised design with
four replications. Harvest of fallows was done in
the fourth week of August (6 months after plant-
ing) by cutting three quadrats (3 m2) at ground
level in each plot. Plant shoots were oven dried at
70 C for 48 h, weighed and sub-samples taken for
N determination. Above ground biomass were
estimated using the mean weight of samples taken
at three locations and the yield expressed in Mg
ha1. The biomass yields and the N mass ratio (%
N) in plants tissues were used to estimate the N
accumulation, which was expressed in kg ha1.
In the second season the residual eﬀect of the
legume treatments and FYM on growth and yield
of maize were assessed in comparison with treat-
ments that received FYM directly. After harvest-
ing the fallows, all plots were split into sub-plots of
6 m by 6 m allowing for paths of 1 m between
plots. Dry FYM of the same quality as used earlier
was spread and ploughed under on four plots,
previously under weedy fallow, to simulate the
condition where FYM is applied at the time of
sowing maize. Crotalaria residues obtained on
respective plots were chopped into smaller pieces
(<15 cm long) and incorporated into the soil
using a hand hoe. Maize, variety Kilima, was sown
in all plots in the ﬁrst week of September 2002 at a
spacing of 0.75 m · 0.45 m, one week after
application of treatments. Prior to sowing of
maize, all plots received a basal fertilizer of
15 kg ha1 P and 20 kg ha1 K as triple super
phosphate (20% P) and muriate of potash (50%
K), respectively. Mineral N fertilizer in the form of
calcium ammonium nitrate was applied to two of
the sub-plots previously under crotalaria with or
without FYM and other two of the sub-plots
previously under weedy fallow with or without
FYM. The rate was 50 kg N ha1 (N1) in split
doses of 25 kg N ha1, at 4 and 7 weeks after
maize emergence. The rest of the plots received no
mineral fertilizer (N0). The experimental design
was split plot in two replications, with N rates
being the main plots and fallow management i.e.
weedy fallow, FYM, crotalaria-FYM and crota-
laria+FYM being the sub-plots. The ﬁnal harvest
of maize was done in the third week of February
2003 in three (3 m2) quadrats in each plot. Maize
cobs and stover were oven dried at 70 C for 48 h,
weighed and sub-samples taken for N determina-
tion.
Experiment 2: determination of optimum rates of
legume residues for maize production
The experiment was conducted in the villages
Kiilima (in the high rainfall zone) and Kabirizi
(in the low rainfall zone) in the same period as
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the ﬁrst experiment. Two sites previously planted
with maize without any fertilizer amendment were
selected per village. At each site a 13 m by 41 m
plot was cleared and tephrosia was established in
the fourth week of February 2002 at a seeding
rate of 4 kg seed ha1. Tephrosia was harvested
in the second and fourth week of September 2002
in the high and low rainfall zone, respectively.
The plots at each site were divided into six 6 m
by 6 m plots (allowing for paths of 1 m) in which
the following treatments were randomly assigned:
(i) no fertility amendment (control), (ii) mineral
fertiliser at 50 kg N ha1, and (iii–vi) tephrosia
residues applied at rates of 2, 4, 6 and
8 Mg ha1. The N content of tephrosia, based on
analysis of the whole shoots at 6 months after
planting was roughly 2.5% in both zones (Bai-
jukya 2004), Amounts of N added were thus
equivalent to 50, 100, 150, and 200 kg N ha1.
Tephrosia residues were chopped into pieces
(<15 cm) and incorporated into the soil. The
experiment was arranged in a completely rando-
mised design with two replications.
Maize variety Kilima was sown in the ﬁrst and
fourth week of September 2002 in the high and low
rainfall zone, respectively, one week after the res-
idues were incorporated into the soil. Prior to
sowing of maize, all plots received a basal fertiliser
of P and K as in Experiment 1. Mineral N fertiliser
in the form of calcium ammonium nitrate was
applied to mineral fertiliser plots at a rate of
50 kg N ha1 in the same way as in Experiment 1.
Maize was harvested in the fourth week of Feb-
ruary and processed as before. The N uptake in
grain and stover from the individual treatments
were estimated. The N use eﬃciency, apparent N
recovery eﬃciency and N utilisation eﬃciency by
maize of N in the applied legume residues was
assessed using the following equations:
N use efficiency ¼ kg yield
kg N applied
ðaÞ
N recovery efficiency ¼ kg N uptake
kg N applied
ðbÞ
N utilisation efficiency ¼ kg yield
kg N uptake
ðcÞ
where Yield (Y) =(Yfertiliser  Ycontrol); N uptake
(U) = (Ufertiliser  Ucontrol)
Experiment 3: legume residue management
practices and their eﬀect on weeds, maize yield
and labour productivity
The experiment was conducted in the same period
as Experiments 1 and 2 in the same villages as
Experiment 2, at three sites in each village. Three 6
by 20 m plots and three 6 by 13 m plots, separated
by 1 m paths, were demarcated at each site and
cultivated to remove weeds and maize stover.
Mucuna was sown in the 6 m by 20 m plots (mu-
cuna fallow) in the fourth week of February
2002 at a spacing of 0.5 · 0.3 m by putting 2 seeds
per planting hole. Weeds were left to grow in the 6
by 13 m plots (weedy fallow). Mucuna was har-
vested in the ﬁrst week of September 2002 by
cutting the stems at the soil surface. The weedy
fallow was cultivated and weeds removed from the
plots.
The respective weedy and mucuna fallow plots
were sub-divided into 6 by 6 m plots allowing for
paths of 1 m between the plots. The treatments (i)
no soil amendment (control) and (ii) mineral N
fertiliser were randomly assigned to plots which
were under weedy fallow whereas mucuna residues
were either removed, incorporated into the soil or
mulched on plots which were under mucuna fal-
low. This resulted in additional treatments of (iii)
removed residues, (iv) incorporated residues and
(v) mulched residues. The removed residue treat-
ment was included to study the eﬀect of mucuna
below ground biomass on maize yield. For both
residue incorporated and residue mulched treat-
ments, mucuna residues were applied at a rate of
5 Mg (dry biomass) ha1 (about 100 kg N ha1)
within 3–5 days after harvest. The experiment was
arranged in a randomised complete block design
with three replications per site.
Maize variety Kilima was sown in the second
week and fourth week of September 2002 in the
high and low rainfall zones, respectively, at a
spacing of 0.75 · 0.45 m, immediately after
application of treatments (3 days after harvesting
the fallow). Prior to sowing of maize, all plots re-
ceived a basal application of P and K fertilisers as
in Experiments 1 and 2. Mineral N fertiliser in the
form of calcium ammonium nitrate was applied at
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a rate of 50 kg N ha1 as in Experiments 1 and 2.
Maize was weeded twice and weeds were retained
in the plots. Harvesting of maize was done in the
third week of February 2003 and data collected as
described before.
All ﬁeld operations were done by a group of six
farmers (for each village) aged between 25 and
48 years. The time spent by the group for each
ﬁeld operation was recorded, summed per treat-
ment and converted to person-day equivalents. In
Bukoba District, 1 person-day (for work on the
farm) is estimated to be 6 h (Nkuba 1997). Weed
biomass in the respective treatments was assessed
during the ﬁrst and second weeding which was
done at 5 and 9 weeks after sowing. Measurements
were taken in 1 m2 quadrats at three locations in
each plot. Weeds were handpicked, oven-dried at
70 C for 48 h and biomass determined.
Soil sampling and analysis of soils and plant
materials
Composite topsoil (0–25 cm) samples were taken
from each site at the beginning of each experiment.
In each plot, soil was collected and bulked from
three locations, sun-dried, and sieved to pass a 2-
mm-mesh. Soil pH was determined on H2O (1:5 w/
v), organic carbon by the Walkley–Black wet
oxidation method and total N by the micro-Kjel-
dahl digestion method. Available P was deter-
mined by Bray I method (Murphy and Riley
1962), exchangeable cations by ammonium acetate
extraction with Ca and Mg estimated by the
atomic absorption spectrophotometer (AAS) and
K by ﬂame photometer. Particle size distribution
was analysed by standard hydrometer method
(Page et al. 1982). Total N in legumes residues and
maize (grain and stover) was determined by the
micro-Kjeldahl digestion method followed by dis-
tillation and titration (Okalebo et al. 1993).
Data analysis
Data were analysed with GenStat release 6.1
Lawes Agricultural Trust (Rothamsted Experi-
mental Station) statistical package. Standard
errors of the diﬀerences between means were cal-
culated. Step-wise regression analysis was per-
formed to examine relationships between the soil
chemical parameters, the legume biomass, the N in
applied residues and the maize yield.
Results
Soil quality and rainfall during the experimental
period
Based on the classiﬁcation by Landon (1991), soils
in the high rainfall zone were strongly acid, had
medium organic carbon (OC) and available P and
were poor in total N, Ca, available K and Mg
(Table 1). Soils in the low rainfall zone were
slightly acidic with medium contents of OC,
available P and Ca, but poor in total N, available
K and Mg. Within zones, soils at diﬀerent sites
varied in chemical characteristics mainly due to
diﬀerences in past management, e.g. fertilisation,
past crops grown, etc. The total rainfall during the
experimental period was 1855 and 857 mm in the
high and low rainfall zone, respectively, which was
considered adequate for optimum production of
legume species and the maize crop.
Response of legume to FYM application
Application of FYM had no inﬂuence on the N
content (%) in crotalaria shoots (Table 2).
Crotalaria established with FYM accumulated
threefold more biomass and N than crotalaria
established without FYM. The biomass and N
accumulated by crotalaria established with FYM
was 51 and 86% higher than that of weedy fallow.
Crotalaria established without amendment gave
comparable biomass to weedy fallow but it accu-
mulated twice as much N as the weeds.
Maize response to mineral N fertiliser, legume
residues, FYM and their combinations
Maize yields after all types of fallow management
were highest with mineral N fertiliser (Table 3).
Maize grain and total above ground biomass
ranged from 0.8 to 3.1 and 1.9 to 7.7 Mg ha1,
respectively, with highest yields observed in the
crotalaria + FYM + mineral fertiliser treat-
ment and the lowest yields after weedy fallow with
no mineral N fertilisers (control). Relative to the
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control, maize yields were increased substantially
by manure and crotalaria treatments. Growing
crotalaria with manure added in the previous
season resulted in slightly higher N uptake
(67 kg N ha1) and yield (6.2 Mg ha1) compared
with manure plus mineral fertiliser applied in the
same season (63 kg N ha1 and 5.8 Mg ha1).
Mineral fertiliser further increased maize above-
ground biomass after crotalaria + FYM to
7.7 Mg ha1.
Maize yield response to diﬀerent quantities of
legume residues
Maize yield increased with increasing legume res-
idue rates (Table 4), although the 2 Mg ha1 rate
had an insigniﬁcant inﬂuence on maize yield in
both zones. In the high rainfall zone, yields in 4
and 6 Mg ha1 treatments were not signiﬁcantly
diﬀerent and yields in 8 Mg ha1 and 50 kg
N ha1 treatment were similar. In the low rainfall
zone, maize yields in 4, 6 and 8 Mg ha1 treatment
did not diﬀer signiﬁcantly, but yield in the 50 kg
N ha1 treatment was signiﬁcantly greater than
with tephrosia treatments or the control. Nitrogen
uptake in grain and total aboveground biomass
also increased with increasing residue rates and
largely reﬂected the diﬀerences in yield. There were
however, wide variations in yield between sites in
both zones. These yield diﬀerences were related to
the initial soil organic carbon (OC) (with coeﬃ-
cient of determination r2 = 0.35) and soil pH
(r2 = 0.65) in the high rainfall zone but only
weakly by soil pH (r2 = 0.2) in the low rainfall
zone. The general trend was that higher yields were
found on soils with high OC contents and pH and
vice versa.
The eﬃciency of use of N from tephrosia resi-
dues by maize was poor compared with that of N
from mineral fertiliser, and was at rates above
2 Mg ha1 not aﬀected by the amount of legume
residues applied (Table 5). This was also the case
with apparent N recovery eﬃciency where maxi-
Table 2. Total N, shoot biomass and N accumulation by six months old weedy fallow and Crotalaria grahamiana established without
() and with (+) farmyard manure in farmer ﬁelds, in the high rainfall zone of Bukoba District.
Fallow type N (%) Biomass (Mg ha1) N accumulation (kg ha1)
Weedy fallow 1.3 0.9 12
Crotalaria grahamiana  FYM 3.1 1.1 34
Crotalaria grahamiana + FYM 3.2 3.0 95
SED 1.3 0.5 16
SED, Standard error of diﬀerences between means, P <0.001 in all cases.
Table 3. N uptake, grain and above ground yield of maize following application of FYM, residues of C. grahamiana grown with or
without FYM in the previous season in combinations of without (N0) and with application of 50 kg N ha
1 as mineral N fertiliser
(N1).
Fallow treatment N uptake (kg ha1) Yield (Mg ha1)
Grain Above-ground biomass Grain Above-ground Biomass
N0 N1 Mean N0 N1 Mean N0 N1 Mean N0 N1 Mean
Weedy fallow 11 27 19 18 45 32 0.8 1.7 1.2 1.9 4.3 3.1
FYM 20 39 30 34 63 49 1.4 2.3 1.9 3.4 5.8 4.6
Crotalaria FYM 19 30 24 31 51 41 1.1 2.1 1.6 2.8 5.2 4.1
Crotalaria + FYM 42 50 46 67 81 72 2.5 3.1 2.8 6.2 7.7 6.9
Mean 23 37 38 60 1.5 2.3 3.6 5.6
SED N levels 0.8*** 1.2*** 0.1*** 0.5***
SED fallow treatments 3.1** 5.1** 0.2** 0.1 **
SED (N levels · fallow
treatments)
ns 2.3* ns ns
Data are pooled results from two farmer ﬁelds in the high rainfall zone of Bukoba District.
SED =Standard error of diﬀerences between means, *P <0.05 **P <0.01, ***P <0.001. ns, Not signiﬁcant.
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mum values of less than 27 and 13% were re-
corded for the total above ground biomass in the
high and low rainfall zones, respectively. All
treatments had comparable values of N utilisation
eﬃciency except the 2 Mg ha1 treatment where
response was poor. Apparent recovery and use of
mineral N fertiliser in the above ground biomass
were more eﬃcient in the high rainfall zone (99 kg
biomass kg N1 and 90%) compared with the low
rainfall zone (39 kg biomass kg N1 and 52%).
Eﬀect of mineral fertiliser and mucuna residue
management practices on weeds in maize crop
Relative to the weedy fallow (control), residue re-
moval led to an increase in total weed biomass in
association with maize of 14% in the high rainfall
zone but had a negligible eﬀect in the low rainfall
zone (Table 6). In both zones, incorporated resi-
dues reduced weed biomass by 20%. Mulched
residues reduced weed biomass by 49% in the high
rainfall zone and 68% in the low rainfall zone.
Application of mineral N fertiliser increased total
weed biomass by 44% and 11% in the high and
low rainfall zones, respectively.
Maize yield and N uptake under diﬀerent types
of mucuna residue management
In the high rainfall zone, a yield increase of 43 and
57% in grain and of 47 and 53% in total above-
ground biomass was recorded with incorporated
residues and mulched residues, respectively (Ta-
ble 7). Maize yields in removed residues and the
control plots were comparable. Overall, the high-
est yield was obtained with application of mineral
N fertiliser, which was double the yield of the
control. In the low rainfall zone, maize yield with
mulched residues and mineral N fertiliser treat-
ments were not signiﬁcantly diﬀerent from each
other but were both double the yield in the control.
Incorporated residues increased grain yield by
57% whereas removed residues increased yield by
33%.
The total N uptake ranged between 31 and
63 kg ha1 in the high rainfall zone and between
45 and 94 kg ha1 in the low rainfall zone, with
the treatment eﬀects following a similar trend as
for maize yield. Maize grain and total above-
ground biomass were positively correlated with N
uptake (r2 = 0.93 in the high rainfall zone and
r2 = 0.86 in the low rainfall zone). However, wide
variations in yield and N uptake were observed
between sites and could be explained by the site
diﬀerences in initial soil pH (r2 = 0.64 and 0.56)
and initial soil N (r2 = 0.53 and 0.65) for the high
and low rainfall zone, respectively.
Labour demand and productivity of mucuna fallow
with diﬀerent types of residue management
In the high rainfall zone, growing maize with
incorporated residues required 26 and 27 more
person-days compared with growing maize with
removed residues and mulched residues (Table 8).
Table 4. Nitrogen uptake and yield response of maize to application of mineral N fertiliser and diﬀerent quantities of T. candida
residues under farmer conditions in the high and low rainfall zones of Bukoba District.
Treatment Amount of
N applied
(kg ha1)
High rainfall zone Low rainfall zone
Yield (Mg ha1) N uptake (kg ha1) Yield (Mg ha1) N uptake (kg ha1)
Grain Above-ground
biomass
Grain Above-ground
biomass
Grain Above-ground
biomass
Grain Above-ground
biomass
Control 0 1.2 3.0 19 31 1.8 4.6 30 45
50 kg N ha1 50 3.2 7.9 50 76 3.1 7.8 49 71
2 Mg ha1 50 1.4 3.6 22 35 2.0 4.9 32 47
4 Mg ha1 100 2.4 5.9 37 57 2.5 6.1 39 58
6 Mg ha1 150 2.7 6.6 42 63 2.7 6.7 42 62
8 Mg ha1 200 3.3 8.2 51 78 2.8 6.9 41 64
SED 0.5*** 0.5*** 4*** 5*** 0.3** 0.8*** 5*** 7***
SED, Standard error of diﬀerences between means, **P <0.01, ***P <0.001.
81
T
a
b
le
5
.
N
it
ro
g
en
eﬃ
ci
en
cy
ra
ti
o
s
o
f
g
ra
in
a
n
d
to
ta
l
a
b
o
v
e
g
ro
u
n
d
b
io
m
a
ss
fo
r
m
a
iz
e
fo
ll
o
w
in
g
a
p
p
li
ca
ti
o
n
o
f
m
in
er
a
l
N
fe
rt
il
iz
er
s
a
n
d
d
iﬀ
er
en
t
q
u
a
n
ti
ti
es
o
f
T
.
ca
n
d
id
a
re
si
d
u
es
u
n
d
er
fa
rm
er
co
n
d
it
io
n
s
in
th
e
h
ig
h
a
n
d
lo
w
ra
in
fa
ll
zo
n
es
o
f
B
u
k
o
b
a
D
is
tr
ic
t.
T
re
a
tm
en
t
H
ig
h
ra
in
fa
ll
zo
n
e
L
o
w
ra
in
fa
ll
zo
n
e
N
u
se
eﬃ
ci
en
cy
(k
g
k
g
N
a
p
p
li
e
d

1
)
N
u
ti
li
za
ti
o
n
eﬃ
ci
en
cy
(k
g
k
g
N
u
p
ta
k
e
1
)
A
p
p
a
re
n
t
N
re
co
v
er
y
eﬃ
ci
en
cy
(k
g
N
u
p
d
a
te
k
g
N
a
p
p
li
e
d
)
N
u
se
eﬃ
ci
en
cy
(k
g
k
g
N
a
p
p
li
e
d

1
)
N
u
ti
li
za
ti
o
n
eﬃ
ci
en
cy
(k
g
k
g
N
a
p
p
li
e
d

1
)
A
p
p
a
re
n
t
N
re
co
v
er
y
eﬃ
ci
en
cy
(k
g
N
u
p
d
a
te
)
G
ra
in
A
b
o
v
e
g
ro
u
n
d
b
io
m
a
ss
G
ra
in
A
b
o
v
e
g
ro
u
n
d
b
io
m
a
ss
G
ra
in
A
b
o
v
e
g
ro
u
n
d
b
io
m
a
ss
G
ra
in
A
b
o
v
e
g
ro
u
n
d
b
io
m
a
ss
G
ra
in
A
b
o
v
e
g
ro
u
n
d
b
io
m
a
ss
G
ra
in
A
b
o
v
e
g
ro
u
n
d
b
io
m
a
ss
5
0
k
g
N
h
a

1
3
9
9
9
6
4
1
0
8
0
.6
1
0
.9
0
2
5
6
4
6
8
1
2
2
0
.3
9
0
.4
0
2
M
g
h
a

1
4
1
4
5
8
6
7
0
.0
5
0
.0
9
4
9
4
2
8
7
0
.0
9
0
.1
1
4
M
g
h
a

1
1
1
2
8
6
6
1
1
9
0
.1
8
0
.2
7
6
1
5
6
4
1
4
9
0
.1
1
0
.1
2
6
M
g
h
a

1
1
0
2
4
6
3
1
3
5
0
.1
5
0
.2
2
7
1
5
6
2
1
2
4
0
.1
0
0
.1
3
8
M
g
h
a

1
1
0
2
6
6
5
1
1
1
0
.1
6
0
.2
4
5
1
3
6
2
1
5
4
0
.0
6
0
.1
0
S
E
D
2
*
*
*
8
*
*
*
5
*
n
s
0
.0
5
*
*
*
0
.0
7
*
*
*
3
*
*
*
7
*
*
*
2
3
*
3
0
*
0
.0
5
*
*
0
.0
9
*
*
*
S
E
D
,
S
ta
n
d
a
rd
er
ro
r
o
f
d
iﬀ
er
en
ce
s
b
et
w
ee
n
m
ea
n
s,
*
P
<
0
.0
5
,
*
*
P
<
0
.0
1
,
*
*
*
P
<
0
.0
0
1
;
n
s=
n
o
t
si
g
n
iﬁ
ca
n
t.
82
A similar trend was observed in the low rainfall
zone though with a higher labour requirement per
treatment. In both zones, growing maize with re-
moved residues or mulched residues demanded
about 22 person-days more compared with grow-
ing maize on a previously weedy fallow. Maize
grown with mucuna residue, removed or mulched,
demanded about 20 person-days more compared
with maize grown with application of mineral N
fertiliser. Growing maize with incorporated resi-
dues required 43–47 and 40–41 person-days more
compared with growing maize on a weedy fallow
and with application of mineral N fertiliser,
respectively, with the trend being the same in both
zones.
Returns to labour ranged between 20 and 53 kg
grain person-day1 in the high rainfall zone and
between 33 and 70 kg grain person-day1 in the
low rainfall zone, with the highest return observed
with 50 kg N hal treatment (Table 8), followed
by mulched residues. In both zones, removing and
or incorporating residues gave comparable returns
to labour invested. In the low rainfall zone,
application of mineral fertiliser gave returns to
labour of 24, 33, 32, 31 kg grain person-day1
higher than the treatments control, removed resi-
dues, incorporated residues and mulched residues,
respectively. In the low rainfall zone, the returns to
labour are somewhat lower and varied between 18
and 37 kg grain person-day1 with a similar trend
as in the high rainfall zone.
Discussion
Eﬀect of farmyard manure on biomass and N
accumulation by crotalaria
Application of FYM on degraded soils increased
the biomass and N accumulation by crotalaria
(Table 2). The observed inﬂuence of FYM on
crotalaria growth could be due to its liming eﬀect
Table 7. Eﬀect of weed fallow, mineral N fertiliser and diﬀerent management of mucuna residues on N uptake and yield of maize
under farmer conditions in the high and low rainfall zones of Bukoba District.
Management High rainfall zone Low rainfall zone
Yield (Mg ha1) N uptake (kg ha1) Yield (Mg ha1) N uptake (kg ha1)
Grain Above ground
biomass
Grain Above ground
biomass
Grain Above ground
biomass
Grain Above ground
biomass
weedy fallow 1.4 3.4 20 31 2.0 5.1 30 45
50 kg N ha1 2.9 7.2 46 63 4.3 10.7 66 94
Residues removed 1.4 3.4 20 30 2.7 6.8 40 59
Residues incorporated 2.0 5.0 28 43 3.2 8.0 44 68
Residues mulched 2.2 5.2 31 45 4.2 10.4 61 89
SED 0.2 0.5 3 4 0.4 0.9 5 8
SED, Standard error of diﬀerences between means, P <0.001 in all cases.
Table 6. Eﬀect of weed fallow, mineral N fertiliser and diﬀerent management of mucuna residues on weed biomass (Mg DM ha1)
associated with maize crop, observed in farmer ﬁelds at ﬁrst weeding (5 weeks after sowing) and second weeding (9 weeks after sowing)
in the high and low rainfall zone of Bukoba District.
Management High rainfall zone Low rainfall zone
First weeding Second weeding Total First weeding Second weeding Total
Weedy fallow 0.44 0.22 0.66 0.50 0.30 0.80
50 kg N ha 1 0.65 0.30 0.96 0.58 0.31 0.89
Removed residues 0.52 0.23 0.75 0.47 0.29 0.76
Incorporated residues 0.37 0.17 0.54 0.42 0.21 0.63
Mulched residues 0.22 0.12 0.34 0.17 0.09 0.26
SED 0.05 0.04 0.04 0.07 0.06 0.06
SED, Standard error of diﬀerences between means, P <0.001 in all cases.
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ameliorating the problems of soil acidity, and the
supply of multiple nutrients (Bandyopadhay 2003;
Ridder and Keulen 1990). The FYM used in the
current experiment had N, P, Ca, K and Mg
contents of 2.0, 0.5, 0.6, 2.6 and 0.4% qualifying it
as good quality when compared with other values
for manure reported in Africa (Kop 1995).
Eﬀect of application of FYM, crotalaria residues,
mineral N fertiliser and their combination
on maize yield
Maize yields in all types of fallow management
were higher with mineral N fertiliser (N1), where
the yields from the treatments FYM + mineral N
fertiliser and crotalaria + mineral N fertiliser,
were equal to the sum of the yields in the control,
the yield increment from application of FYM and/
or crotalaria, and the yield increment from appli-
cation of mineral N fertiliser. These results suggest
an additive eﬀect of nutrients from these sources.
A similar observation was reported in the humid
tropics of West Africa when FYM was applied in
combination with cowpea residues and or urea
fertiliser (Iwuafor et al. 2001). Combining crota-
laria residues with FYM or crotalaria residues
with FYM plus mineral N fertiliser resulted in an
added increment of 1400 and 600 kg of maize
grain ha1, respectively, possibly as a result of
adding nutrients other than N from the decom-
posing FYM (Table 3).
Maize response to the application of diﬀerent
quantities of tephrosia residues
Maize yield increased with increasing application
rates of tephrosia residues (Table 4) but the N
recovery eﬃciencies were poor at all rates of resi-
due application (Table 5). The observed increase
in maize yield could be attributed to better soil
physical conditions, enhanced root growth and
increased nutrient capture. The poor N recovery
eﬃciency from the applied residue N could be a
result of poor decomposability of tephrosia resi-
dues as they are rich in reactive polyphenols and
lignin (Palm et al. 2001). Plant residues with (lig-
nin + polyphenol): N ratio >7 are reported to
decompose and release N slowly (Mafongoya et al.
1998), which in our case, may have aﬀected the
synchrony of N supply by tephrosia residues and
N demand by the maize as the residues were ap-
plied shortly before the sowing of maize.
Table 8. Estimated labour requirements (person days) and return in maize grain to labour invested (kg grain/person day) under farmer
conventional farming (weed fallow) in relation to use of mineral fertilisers and diﬀerent management of mucuna residues in the high
and low rainfall zones of Bukoba District.
Type of
management
Type of ﬁeld
operation
High rainfall zone Low rainfall zone
Labour
required
(pers-day)
Total
labour
(pers-day)
Return to
labour
(kg pers- day1)a
Labour
required
(pers-day)
Total
labour
(pers-day)
Return to
labour
(kg pers- day1)a
Weedy Land cultivation 33 49 29 33 58 43
fallow Weeding of maize 16 23
50 kg N ha1 Land cultivation 33 55 53 35 61 70
Fert, application 5 5
Weeding of maize 17 21
Residues Removing residues 4 70b 20 5 81b 33
removed Weeding of maize 15 25
Residues Incorporating 32 96b 21 30 101b 36
incorporated residues
into the soil Weeding of maize 13 20
Residues Mulching residues 5 69b 32 6 81b 52
mulched Weeding of maize 13 12
SED 2 5 4
aCalculated as yield (kg) in Table 7 divided by total labour invested.
bInclude labour for land cultivation, sowing and weeding (43 person days), and uprooting mucuna (8 person days).
SED, Standard error of diﬀerences between means, P <0.01 in all cases.
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In this study, no signiﬁcant yield diﬀerence
could be observed between tephrosia residues ap-
plied at 4, 6 or 8 Mg ha1 (Table 5). This is an
indication that in the short term 4–6 Mg ha1
would be an optimal rate of residue application in
both the high and low rainfall zones. However,
this may vary with the type of legume species used.
Tephrosia yielded between 55 and 300 (mean 125)
kg N ha1 on 12 on-farm sites in the high rainfall
zone and between 50 and 260 (mean 143)
kg N ha1 on 10 on-farm sites in the low rainfall
zone after 5 months growth in 2001 (Baijukya,
2004). As a general rule of thumb, only legumes
producing above 2 Mg ha1 of biomass (50 kg
N ha1) would be expected to provide better yield
response for maize in the following season (Gilbert
2000). Although our results conﬁrm this rule, they
also indicate that the impact of residues is not
necessarily from N provision as this depends on
many factors including the quality of the legume
biomass in terms of N release and the management
of residues. Adding larger amounts of residues
would contribute to a more rapid restoration of
soil organic matter, which would have longer-term
advantages through restoring the productivity of
degraded soils. If this is a primary aim, legume
residues will not be ideal for this purpose given
their relatively fast decomposition rates.
Eﬀect of legume residue management practices
on weed biomass and maize yield
Weed biomass was highest in the mineral N fer-
tiliser treatment and in weedy fallow compared to
other treatments (Table 6). This was largely a re-
sult of improved N availability to the weeds (with
applied mineral N), the lack of suppression by the
residue mulch as well as seed dispersal from ma-
ture weeds that were in the plots before maize was
planted. Maize in the incorporated residues treat-
ment established better and had good ground
cover compared with removed residues treatments,
which could be a reason for lower weed biomass
when residues were incorporated into the soil.
In the high rainfall zone, incorporated and
mulched residues resulted in similar maize yields
whereas in the low rainfall zone, mulched residues
gave higher yields compared with incorporated
residues (Table 7). These results indicate that
under suﬃcient and stable soil moisture and
temperatures (high rainfall zone), decomposition
and nutrient availability from mucuna residues
could be the same whether placed on the surface or
incorporated into the soil. A similar observation
was reported at Ibadan, Nigeria (Vine 1953).
Vanlauwe et al. (2001) and Cobo et al. (2000) also
reported a minor diﬀerence in the total amount of
mineral N between soil incorporated and surface
applied mucuna residues. However, diﬀerent re-
sults could be obtained in conditions with irregular
soil moisture availability and temperatures, as is
the case in the low rainfall zone. In such conditions
mulched residues could help to conserve soil
moisture and enhance better establishment of
crops. In this study, maize plants in plots with
mulched residues remained green for a longer
period, which is a sign of higher water availability
in the rooting zone (Giller 2002). In both zones,
maize yield response was relatively higher with
application of mineral N fertilizer due to better
supply of N at tasseling and at cob ﬁlling stages (at
6 and 12 weeks after planting) which are peak
periods of demand for N in maize (Keating et al.
1991).
Labour productivity of improved fallows with
diﬀerent legume residue management practices
Labour productivity is among the key factors that
may determine the adoption of legume technology
by smallholder farmers. In this study, labour
productivity was poor under residue removed and
residue incorporated treatments compared with
weedy fallow and mineral N fertilizer (Table 8).
This is because of the extra labour required to
establish and weed legumes, and remove or
incorporate residues into the soil. On the other
hand, mulched residues gave higher labour pro-
ductivity than other types of residue management.
This is because mulch suppressed weeds and re-
duced the labour required for weeding of maize.
Our results are in agreement with the ﬁndings by
Roger (1995), although his work was done in rice
production systems and with diﬀerent legume
species. These results suggest that the entry point
of legumes into smallholder farms should not only
focus on improving soil fertility. Other immediate
farmer problems which can be solved by planting
of legumes e.g. labour in land preparation and
weeding could lead to wider adoption of legumes
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as was the case with mucuna in Benin (Versteeg
and Koudokpon, 1990).
Conclusions
Enhancement of legumes establishment with
application of small doses of FYM can improve
their biomass and N accumulation, and when used
as green manure they can improve the fertility of
degraded soils, compared with unamended le-
gumes and weedy fallow of the same duration. It
was shown that application of legume residues at
rates above 4–6 Mg ha1 may not result in further
substantial yield increment, and also that the
contributions from legume roots are less important
in the short term. Measurable improvements in
soil productivity can be achieved in smallholder
farms when mucuna residues are used as mulch as
it impedes the growth of weeds, improves soil
water conservation and supplies nutrients to crops
when decomposing. The observations made from
this study raise the need for more ﬂexible guide-
lines on use of plant residues, which take into ac-
count not only the plant quality characteristics (as
proposed in the decision guide for use of plant
resources) but also the agroecological conditions,
labour availability and labour productivity.
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